Gas phase standard state (298.15 K, 1 atmosphere) relative enthalpies and free energies of formation were calculated for all mono-through hepta-halogenated (X=F, Cl, Br) anthraquinone congeners using the B3LYP, BHandHLYP, M062X, PBE0,p) basis set. All levels of theory yielded similar results with strong intra-and inter-method correlations for both the relative enthalpy and free energy values and the corresponding thermodynamic stability rank. Within each homolog group, the most thermodynamically stable isomers are those which maximize substitution at the lateral positions (2, 3, 7, and 8) versus the less stabilizing peri positions (1, 4, 6, and 9), while also minimizing destabilizing adjacent substitution patterns (1/2, 2/3, 3/4, 6/7, 7/8, and 8/9). These trends are consistent regardless of halogen substituent or theoretical method employed, and are analogous to those predicted for other classes of halogenated ortho-diaryl systems with single connecting atoms.
Halogenated anthraquinones (PXAQNs: X=F, Cl, Br; Figure 1 ) represent a class of natural products, industrially useful compounds such as dyes and pigments, potential environmental contaminants arising from combustion/pyrolysis sources and the oxidative treatment (e.g., chlorination, ozonation) of wastewaters, and pharmaceutically active agents [1] [2] [3] [4] [5] . Among the mono-through hepta-halogenated homologs, 74 PXAQN congeners are possible (mono: 2; di: 10; tri: 14; tetra: 22; penta: 14; hexa: 10; hepta: 2). The relative thermodynamic stabilities of these compounds are of interest for use in predicting natural and anthropogenic synthetic pathways under thermodynamic control, and for assessing whether kinetic or thermodynamic control is predominant based on a comparison of actual versus predicted congener specific distributions.
Gas phase standard state (298.15 K; 1 atmosphere) calculations on all mono-through hepta-fluorinated, chlorinated, and brominated anthraquinone congeners were conducted using the B3LYP [6] [19] basis set in Gaussian 09 [20] . All structures were confirmed as true minima by vibrational analysis consistent regardless of halogen substituent or theoretical method employed. The most thermodynamically stable congeners within each homolog (based on ∆∆ f G • (g) ) are predicted to be as follows:
PFAQNs: mono, 2-; di, 2,7-or 2,8-depending on method; tri, 2, 3, tetra, 2, 3, 7, penta, 1, 2, 3, 7, hexa, 1, 2, 3, 6, 7, hepta, 1, 2, 3, 4, 6, 7, di, 2, tri, 2, 3, tetra, 2, 3, 7, penta, 1, 2, 3, 7, hexa, 1, 2, 3, 6, 7, hepta, 1, 2, 3, 4, 6, 7, di, 2, tri, 2, 3, tetra, 2, 3, 7, penta, 1, 2, 3, 7, hexa, 1, 2, 3, 6, 7, 2, 3, 7, 8, hepta, 1, 2, 3, 4, 6, 7, The least thermodynamically stable congeners within each homolog (based on ∆∆ f G • (g) ) are predicted to be as follows:
PFAQNs: mono, 1-; di, 1, tri, 1, 4, tetra, 1, 2, 3, penta, 1, 2, 3, 4, hexa, 1, 2, 3, 4, 6, hepta, 1, 2, 3, 4, 6, 7, di, 1, tri, 1, 4, tetra, 1, 4, 6, penta, 1, 2, 3, 4, hexa, 1, 2, 3, 4, 6, hepta, 1, 2, 3, 4, 6, 7, di, 1, tri, 1, 4, tetra, 1, 2, 3, penta, 1, 2, 3, 4, hexa, 1, 2, 3, 4, 6, hepta, 1, 2, 3, 4, 6, 7, Similar substitution pattern effects are observed on the computationally estimated thermodynamic stability of other classes of halogenated ortho-diaryl systems with single connecting atoms (e.g., polychlorinated dibenzo-pdioxins [24] , polybrominated dibenzo-p-dioxins [25] , and polychlorinated phenoxathiins [26] ), although modest variations are evident depending on the compound class and halogen substituent.
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